ABSTRACT Aim: This study investigated whether a high birth weight was associated with increased risk factors for cardiovascular disease when Swedish adults reached 34-40.
INTRODUCTION
Conditions during foetal life, and even before conception, are crucial for later responses to environmental risk factors (1) , and these are partly mediated through epigenetic effects (2) . Associations between the early environment and structural changes in several organs have also been demonstrated in animal studies (1) .
The association between a low birth weight and later cardiovascular disease (CVD) was first described by Barker et al. in 1989 (3) and is particularly prominent in people with obesity (4) .
There have also been reports on associations between being born large for gestational age (LGA) and adult metabolic disease or CVD (5-7). However, the data have been conflicting as large studies have either reported a Ushaped (5) or a negative association between birth weight and all-cause mortality (8) . One study indicated an increased risk for CVD in subjects born LGA (9) , whereas other reports have suggested a lack of such an association in moderately high birth weights (4, 10, 11) . Furthermore, a 2016 umbrella review by Belbasis et al. (12) questioned whether birth weight was an effective public health intervention marker at all.
As atherosclerosis includes an inflammatory process C-reactive protein (CRP) (13) and blood lipids, including lipoproteins, are commonly used serum markers for CVD Abbreviations BMI, Body mass index; CCA, Common carotid artery; CI, Confidence interval; CRP, C-reactive protein; CVD, Cardiovascular disease; HbA1c, Haemoglobin A1c; HDL, High-density lipoprotein; I:M ratio, Intima:media thickness ratio; IMT, Intimamedia thickness; IT, Intima thickness; LDL, Low-density lipoprotein; LGA, Large for gestational age; RA, Radial artery; SDS, Standard deviation score.
Key notes
This study investigated whether high birth weights were associated with increased risk factors for cardiovascular disease when adults reached 34-40. We studied 27 subjects born in [1975] [1976] [1977] [1978] [1979] , weighing at least 4500 g and compared them with 27 controls with birth weights within AE1 standard deviations scores and similar ages and gender. A high birth weight was associated with increased radial artery intima thickness, but not with other investigated cardiovascular risk factors. (13, 14) . Inflammatory infiltration and plaque formation can be assessed by measuring the components of the artery walls and increased intima thickness (IT) is an early morphological sign of atherosclerosis (15) . A widely used method is to use ultrasound to measure the intima-media thickness (IMT) of the common carotid artery (CCA) (16) , and there are data supporting an association between a high birth weight and increased carotid intima-media thickness (CCA-IMT) (17) . Data on the radial artery (RA) wall may add further information on the risk of coronary heart disease, as it is a muscular artery with functional features similar to those of the coronary arteries (18) .
We considered the association between being born LGA and adult disease and hypothesised that a high birth weight would be associated with risk factors for CVD. Thus, the aim of this study was to investigate whether adult subjects with a high birth weight of at least 4500 g would display risk factors for CVD.
MATERIALS AND METHODS
Study cohort and data sources All 322 subjects born at term with high birth weights, defined as at least 4500 g, between 1975 and 1979 at Uppsala University Hospital, were identified. A matched control group of subjects with birth weights within AE1 standard deviation scores (SDS), as well as a similar age and gender distribution, was selected by the Swedish National Board of Health and Welfare (Table 1) . Data on birth weights and gestational ages were retrieved from the Swedish Medical Birth Registry (19) .
The 644 subjects were asked to fill in the 36-Item Short Form Health Survey (SF-36) questionnaire regarding physical and mental health. The response rate was 54% in the group with high birth weights and 61% in the control group and those results will be published separately. The 203 responders who still lived in Uppsala County in November 2013 were invited to a clinical examination. Due to different practical reasons, many of the invited subjects declined participation. The final cohort comprised 27 individuals with a high birth weight (14 males) and 27 controls (19 males), who were all 34-40 years old at the time of the study. The exclusion criteria were pregnancy, breast feeding, gastric by-pass surgery or ongoing infections. None of the subjects had a previous diagnosis of diabetes, hypertension or dyslipidaemia.
Oral and written consent was obtained from all study subjects, and the study was approved by the Regional Ethical Review Board in Uppsala.
Anthropometrics and clinical examination
Clinical examinations were performed between January 2014 and November 2015 at Uppsala University Children 0 s Hospital. Following a 10-hour overnight fast, the subjects underwent routine physical examinations. They were also interviewed regarding their medical history and use of alcohol and tobacco. Blood pressure was measured in the right arm after five minutes rest in supine position, by a noninvasive CAS 740 MAXNIBP monitor (CAS Medical Systems Inc, Connecticut, USA), three times with one min intervals (20) . The mean value of the two last measurements was registered. Weight and height were measured by a digital scale and a wall mounted Harpenden stadiometer (Holtain Ltd, Prembrokeshire, UK) and body mass index (BMI) was calculated as weight/height 2 (kg/m 2 ). Overweight was defined as having a BMI ≥ 25 kg/m 2 and obesity as having a BMI ≥ 30 kg/m 2 , according to the World Health Organization criteria.
Laboratory analyses
Venous blood samples were collected and analysed for haemoglobin A1c (HbA1c), cystatin C, blood count, liver enzymes, creatinine, thyroid function, triglycerides, cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), apolipoprotein A1, apolipoprotein B and highsensitivity CRP at the certified laboratory at Uppsala University Hospital.
Ultrasound of carotid and radial arteries
The right CCA was assessed using a broad-band Collagenoson probe (Minhorst Company, Meudt, Germany) with 22 MHz centre frequency, to yield point estimates of the near artery wall thickness, as described previously (21) . The means of about 10 technically acceptable measurements were calculated and used in the analysis. The coefficients of variation for the CCA intima and media thicknesses were 3.9% and 3.4%, respectively (22) .
The left distal radial artery (RA) was imaged about 1-2 cm proximal to the styloid process, using a Vevo 2100 ultrasound machine (Fujifilm VisualSonics Inc, Toronto, ON, Canada) fitted with a 50 MHz linear transducer. Estimates from M Mode were used instead of B Mode because they were closer to those reported in histomorphometry studies. All measurements were performed offline and blindly with regard to the study subject characteristics. The mean assessment from about three technically acceptable images was used as the final estimate of the layer dimensions. The coefficients of variation were 7% for the distal radial IT and 4% for the media thickness. Due to technical reasons, measures of the RA were missing for two cases and three controls. By using the generalised linear model analysis, group differences were assessed and controlled for gender and smoking. They were also controlled for gender, gestational age, smoking, BMI, systolic and diastolic blood pressure, CRP and the apolipoprotein B:A1 ratio. Smoking was defined as nonsmoker or smoker, including current and previous smokers. Two-tailed p values of <0.05 were considered significant.
RESULTS
The distribution of birth weights is presented in Figure 1 . The mean birth weight was 4737 AE 273 g (median 4660 g, range 4500-5560 g) in the case group and 3475 AE 267 g (median 3420 g, range 3140-3950 g) in the control group. As shown in Table 1 , the case and control groups did not differ with regard to age or smoking, and the difference in gender distribution was not significant. The heredity for overweight or type 1 or type 2 diabetes was similar in both groups.
Blood counts, liver enzymes, creatinine, cystatin C, thyroid hormones and HbA1c were within the reference ranges for all individuals.
There were no differences between cases and controls with regard to blood pressure, lipid profiles, apolipoproteins, high-sensitivity CRP or CCA wall dimensions. The radial IMT (RA-IMT) did not differ between the groups, but the cases had higher RA-IT and RA-I:M ratios than the controls (Table 2 and Fig. 2 ). The differences were still significant when assessed by generalised linear model analysis and adjusted for gender, gestational age, smoking, BMI, systolic and diastolic blood pressure, CRP and the apolipoprotein B: A1 ratio. After adjustment, the effect of a high birth weight on the RA-IT was 0.008 AE 0.002 mm (p < 0.01), corresponding with a 37% greater thickness in the case group compared to that of the control group. The effect on the RA-I:M ratio was 0.074 AE 0.017 (p < 0.01) which corresponded to a 44% difference.
The effect of female gender was only significant for CIMT (0.206 AE 0.052, p < 0.01) and for CCA-I:M (À0.039 AE 0.011, p < 0.01).
DISCUSSION
The present study investigated whether subjects aged 34-40 years old, with a birth weight of at least 4500 g differed from subjects with a normal birth weight with regard to risk factors for CVD. Data on birth weight, current and previous health and smoking were collected. Sensitive methods were used to detect early manifestations related to atherosclerosis. The results demonstrated only small differences between the studied groups.
The risk for cardiovascular and metabolic disease has been reported to be related to BMI (23) . In our cohort, the prevalence of overweight and obesity was lower than the prevalence in the whole Swedish adult population (24) , but higher than Swedish military conscripts (25) . This is to be expected as overweight and obesity increase with age (26) and our cohort did not include subjects above 40 years of age. There was no difference in BMI between the subjects with high birth weight and the normal birth weight controls, which is in contrast to numerous studies that have pointed out an association between birth weight and adult BMI. Meta-analyses (6,27) covering a wide range of ages and ethnicities, demonstrated that overweight and obesity were almost doubled for subjects with birth weights above 4000 g. Our group also demonstrated similar results in a register study on young Swedish adults (10) . On the other hand, an extensive review by Brisbois et al. (28) reported there was no association between a high birth weight and adult obesity.
The systemic inflammatory reaction of atherosclerosis is reflected by inflammatory markers, such as CRP. The level of CRP is in turn, related to BMI (13) and visceral adipose tissue (15) , which can partly explain the association between truncal obesity and atherosclerosis. However, in the present study, the level of CRP did not differ between the groups.
Estimation of CCA-IMT is commonly used to assess incipient atherosclerosis and consequent cardiovascular risk, even though its clinical usefulness has been questioned (16, 21, 29, 30) . According to meta-analyses, CCA-IMT may not be reliable for assessing the progression of vascular disease or predicting CVD risk at an individual level (31) (32) (33) (34) .
The present study also included separate measurements of intima and media thicknesses, as well as the ratio between these two, namely the I:M ratio. The I:M ratio may provide information on the atherosclerotic process, as an increase in IT may be accompanied by a decrease in media thickness, resulting in a normal or even decreased CCA-IMT in patients with a high risk of CVD (29) . High CCA-I:M ratios have been associated with CVD risk factors (35) and disorders with an increased risk for CVD (21, 29, 36) , and this has also occurred in the absence of increased CCA-IMT. 
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In contrast to the Cardiovascular Risk in Young Finns Study (17) , which demonstrated increased CCA-IMT in subjects with a high birth weight, we found no associations between birth weight and carotid artery wall dimensions in our material.
The RA is, like the CCA, easily accessible by ultrasound examinations. Unlike the elastic CCA, the RA is a muscular artery with functional characteristics that are comparable to those of the coronary arteries (18) . Changes in the RA may, therefore, better reflect processes in coronary circulation. However, there has been limited information produced on the relationship between changes in the RA wall and CVD (18, 37) . In the present study, both the RA-IT and the RA-I: M ratio were higher in the cases, indicating early signs of atherosclerosis.
It is well-known that dyslipidaemia and disturbed apolipoproteins are associated with the risk of CVD (14) . The fact that there were no differences between the study groups as far as blood lipids were concerned is in line with previous work, in which subjects born with a high birth weight had similar lipid profiles as those with a normal birth weight (9, 17) . Chiavaroli et al. (9) noted a trend towards higher levels of cholesterol, triglycerides, LDL and triglyceride:HDL ratio in subjects born LGA, but the differences were not significant.
Our data also demonstrated a lack of association between a high birth weight and the risk of hypertension in adulthood. This is not surprising, in view of meta-analysis data on the relationship between high birth weight and blood pressure (38) . However, most of the included studies defined a high birth weight as being above the 90th percentile or above 4000 g, and the subjects ranged from children to older people. It was concluded that the risk of hypertension was increased in younger subjects with a high birth weight and that this association weakened and even showed an inverse relationship with age (38) .
Epidemiological studies have pointed out gender differences with regard to risk factors for CVD (10, 39) . However, only the dimensions of the CCA layers turned out to be associated with gender. The difference in gender distribution between the groups, even though not statistically significant, could nevertheless represent a study limitation.
The limited size of the study cohort requires a cautious interpretation of the results, and the findings should be confirmed in future studies. In addition, the lack of an internationally established definition of a high birth weight makes it difficult to compare results from different studies. A high birth weight may be defined as being above the 90th or 95th percentiles, above 4000 g or 4500 g or above 2 SDS. In the present study, a high birth weight was defined as at least 4500 g. The majority of the subjects in our case group had a birth weight between 2 and 3 SDS, according to Swedish standard for birth weights (40) . As we demonstrated earlier that a birth weight above 3 SDS markedly increased the risk for type 2 diabetes in young adult males, further studies on cardiovascular risk should focus on those with a very high birth weight (10).
CONCLUSION
Our data indicated that adult subjects who were born with a high birth weight did not differ from normal weight controls with regard to several major risk factors associated with CVD. The differences we observed between the groups with regard to radial arterial wall dimensions were noteworthy and should be further investigated, particularly in subjects born with a very high birth weight.
